INTRODUCTION
Early pregnancy factor (EPF) is a pregnancy-associated immunosuppressive protein released in the maternal serum within hours after fertilization and detected by an immunologic assay called the rosette inhibition test(l).
The kinetics of this molecule are such that it is present in the serum hours after fertilization, in most of the mammalian species tested so far. In women, it is present 24-48 hr after fertilization, persists throughout the first and second half of pregnancy, and returns to baseline level during the third trimester of pregnancy (2) (3) (4) .
In no case has EPF been detected after parturition. Studies in humans have shown that the appearance of EPF precedes that of human chorionic gonadotropin (hCG) and it can be detected within 24^-8 hr after coitus in the conceptual cycles.
In human beings EPF activity has been found in culture supernatants obtained from fertilized eggs in vitro (5), urine (6) , amniotic fluid of pregnant women (7) , serum of patients with testicular germ cell tumors (8) , and women with choriocarcinoma (9) . EPF has also been detected in fetal sera, and its dynamic changes were similar to that in maternal sera (10) . The extensive distribution of EPF may therefore be postulated to have a significant role in immunomodulation in pregnancy.
Data published by Rolfe et al. (11, 12) suggest that EPF bound to spleen cells appears to act through induction of specific suppressor factors (SF] and SF 2 ) that are both active in the rosette inhibition test.
Blalock et al. (13) showed that human leukocytes and mouse spleen cells produce hCG, luteinizing hormone (LH), and follicle-stimulating hormone (FSH). It is also well-known that endometrial stromal cells, which are mainly lymphocytes, have the ability to syn-thesize and secrete specific proteins such as prolactin, pregnancy-associated plasma protein A, progesteroneassociated endometrial protein, placental proteins, and epidermal growth factors (14, 15) . Also, products from concanavalin A (Con A)-stimulated lymphocytes result in a dose-dependent increase in both progesterone and 20ot-hydroxyprogesterone production from cultured rat granulosa cells (16) .
Mention has also been made of antigens produced by the trophoblast that are also present on the maternal lymphocyte (17) . It is likely that there are a number of proteins common to both the fetal trophoblast and the maternal lymphocyte.
With these observations in mind, we undertook a study to observe whether Con A-stimulated lymphocytes from pregnant women synthesize proteins during pregnancy and whether one of these proteins is the rosette-inhibiting EPF-like molecule and, if present, to purify this molecule from lymphocyte culture supernatants.
MATERIALS AND METHODS

Collection of Samples.
Plain and heparinized blood from pregnant women was collected during different trimesters of pregnancy. Blood from confirmed nonpregnant women and males served as a control. Serum was separated from whole blood and stored at -20°C until further use.
Lymphocyte Proliferation Assay. Heparinized blood was centrifuged, and the lymphocyte-rich plasma was layered onto lymphoprep (Nycomed Pharma As, Oslo, Norway) and centrifuged for 30 min at 1500 rpm. The lymphocytes were recovered from the cellular ring formed at the interphase (separating the F/H layer from diluted plasma). The harvested lymphocytes were washed three times with RPMI 1640 medium (with L-glutamine and Hepes buffer without bicarbonate, purchased from Sigma, St. Louis, MO) and resuspended in serum free RPMI medium. Viability of lymphocytes was confirmed by viability test using 0.2% Trypan blue dye. One hundred microliters of cell suspension were added to each well of St. Laxbro microtiter culture plate. The optimum dose of Con A for lymphocyte transformation was determined. Maximum stimulation was observed at a concentration of 0.5 (J,g of Con A. Therefore 100 |Xl of 0.5 jig Con A was added to each well. The plate was incubated in an atmosphere of 5% CO 2 S-methionine was added to each well and incubation continued for another day at 37°C in an atmosphere of 95% O 2 and 5% CO 2 . In an Eppendorf tube, 200 [J.1 of this lymphocyte suspension, 10 (Jtl of 1 % BSA, 20 |ll of 20% Nonidet P-40, 100 |ll of water, and 200 fjl of ice-cold 25% TCA were mixed to precipitate the proteins. The precipitate was vortexed and left on ice for 30 min and then microfuged at 10,000 rpm for 10 min. The supernatant was discarded and the precipitate washed at least twice with 5% TCA. Finally the precipitate was washed with ethanol:ether (1:1) and ether. The pellet was dissolved in 50-100 ^.1 of SDS sample buffer. A 5-|0,l aliquot was dispensed in 5 ml of scintillation cocktail (0.5% PPO in 1:1 methyl cellusolve/toluene) and counted in a p-matic Wallace counter.
Analysis of Labeled Protein by SDS.
A 12.5% polyacrylamide gel (vertical slab gel) was prepared as described by Laemmli (18) and 50 (J.1 of medium containing 1,00,000 cpm was loaded. The gel was run at 40 mA until the dye reached the bottom of the gel. The gel was removed, stained with Coomassie blue R (in 2:2:10 of propanol:acetic acid:water) and destained using several changes of destain solution (1:1:10 mixture of propanol:acetic acid:water). The gel was transferred between two sheets of gelatin paper. The dried gel was exposed to X-ray film using intensifying screens and left at -70°C for 2 weeks and the film developed.
Measurement of EPF-like Activity. For EPF estimation cultures were harvested after 72 hr after the lymphocyte proliferation assay was carried out. The supernatant was centrifuged and lyophilized and stored at -20°C.
EPF activity was measured in all the serum samples, culture supernatants, and chromatographic fractions using the rosette inhibition assay as described by Morton et al. (3) . In this assay the rosette inhibition titer (RIT) was defined as the reciprocal dilution of the antilymphocyte serum (ALS) in which the number of rosettes formed was <75% of the number formed in the absence of ALS and was expressed as the logarithm (base 2) of the reciprocal dilutions of ALS x 10"
3 . An enhancement of the rosette inhibition titer was taken as an index of EPF activity. The RIT obtained with normal lymphocytes after incubation in serum from nonpregnant females or in PBS alone was 2-3. Throughout these studies, EPF-positive samples were defined as those that gave a RIT >4.
Gel Filtration. Gel filtration was performed on Sephadex G-100 (Pharmacia Fine Chemicals). Approximately 20 g of the gel was soaked in phosphate-buffered saline (PBS), pH 7.2, and kept overnight at 4°C. The swollen gel was packed into a column (30 x 1.5 cm) and equilibrated with PBS. The column was eluted at a flow rate of 9 ml/hr and the effluents were collected as 1-ml fractions.
Reverse-Phase (RP-) HPLC. RP-HPLC was performed on a preparative column (Bio-Rad; Hipore RP-318, 25 x 2.15 cm) using a gradient system consisting of 0.1% (w/v) TFA in water (solvent A) and 50% acetonitrile in A (solvent B). Analytical RP-HPLC was carried out to check the homogeneity of the purified EPF material using a Lichrosorb RP-18, 5 |J,m (0.4 x 25 cm).
Protein Estimations. The protein content of the fractions was estimated by the method of Lowry et al. (19) , using bovine serum albumin as standard.
RESULTS
Our results using 35S-methionine to study de novo synthesis of proteins from lymphocyte culture supernatants of pregnant and nonpregnant women indicated that the rate of incorporation of 35S-methionine was significantly higher in the lymphocytes obtained from pregnant women compared to those of the control (Fig. 1) .
Moreover there was an enhancement trend observed in the 35S-methionine incorporation during the first two trimesters of pregnancy, with a decline to nearly control values in the third trimester of pregnancy (Fig.  1) . These studies were further confirmed by the autoradiography technique, which showed the synthesis of new proteins or enhancement of existing proteins during pregnancy (Fig. 2) .
Twenty-two samples from pregnant women during the different trimesters of pregnancy were tested for the presence of EPF-like activity. Six samples from confirmed nonpregnant females and four samples from males served as a control. The lymphocyte culture supernatant and the serum were both tested for the presence of EPF-like activity.
Our results using the rosette inhibition test confirmed the earlier observation (4) that EPF levels in serum were high during the first two trimesters of pregnancy and returned to baseline levels in the third trimester of pregnancy (Fig. 3b) . However EPF was observed to be present in the culture supernatants of Con A-stimulated lymphocytes of pregnant women during all three trimesters of pregnancy (Fig. 3a) . absent at all dilutions of culture supernatant obtained from nonpregnant women or from males. When the presence of EPF in serum and lymphocyte culture supernatant was correlated with the outcome of pregnancy, it was observed that there was one patient negative for EPF activity at all the dilutions of lymphocyte cultures supernatant tested and this patient subsequently aborted (Table I) .
The lymphocyte culture supernatants obtained by proliferation of lymphocytes from first trimester pregnancies were processed on G-100 gel filtration chromatography and four fractions, designated GI, Gil, GUI, and GIV (Fig. 4) , were obtained. GI fraction, although positive by the rosette inhibition assay, was found to be associated with the IgG molecule as checked by the Ouchterlony immunodiffusion technique. The bulk of the EPF activity was contained in GIV as tested by RIT. This potent GIV fraction was loaded on preparative RP-HPLC (Fig. 5) . The peaks were checked for EPF activity and the positive RP-HPLC peak loaded on analytical RP-HPLC, which showed a single homogeneous peak (Fig. 6 ). This homogeneous peak observed on analytical RP-HPLC was, however, observed to be heterogeneous by SDS-PAGE electrophoresis showing bands of approximately 70 and 68 kDa (Fig. 7) . The rosette inhibiting activity in the culture supernatants was highest quantitatively in the first two trimesters of pregnancy and less, although also present, in the third trimester of pregnancy. EPF was
DISCUSSION
The establishment of pregnancy and the maintenance of the corpus luteum require the mother and embryo to produce various molecules unique to pregnancy.
These molecules have now been identified as soluble serum factors (20) It is now believed that immunocompetent cells, i.e., lymphocytes, during pregnancy develop specific progesterone receptors (23) (24) (25) .
The binding of progesterone to the receptor induces a structural alternative or transformation of the receptor, which in turn enables the complex to bind specific DNA sequences. This is believed to result in selective transcription of target genes with ultimate synthesis of mediator proteins (26) .
The mediator proteins are named progesterone blocking factor (PIBF), as they inhibit the release of arachidonic acid (27) and are endowed with immunomodulatory properties (28) . Szekeres-Bartho et al. (29) further observed a lower than normal percentage of PIBF-positive cells in women sampled during pregnancy termination and have postulated the following hypothesis. Due to expression of progesterone receptors pregnancy lymphocytes produce an immunomodulatory protein (PIBF) that can block NK cell activity both in vitro and in vivo. Preceding pregnancy termination progesterone receptors disappear from the peripheral pregnancy lymphocytes. Thus even if progesterone is present at a biologically sufficient concentration, they are unable to produce PIBF.
They also observed that during labor, spontaneous abortion, or premature labor, there is a drop in progesterone receptor expression of pregnancy lymphocytes (30) . Rubesa et al. (31) for the first time (using western blotting techniques) showed that TJ6 is present on the surface of human decidual lymphocytes during the first trimester of pregnancy. It is a newly described protein produced locally at the time of implantation.
Recent studies have shown that the membrane form of TJ6 is also expressed on peripheral blood B lymphocytes during pregnancy (32) .
The mature protein is expressed as a 70-kDa protein, which is most likely posttranslationally modified by proteolytic cleavage to form two smaller proteins. The larger protein (50 kDa) contains the transmembrane portion of the molecule (TJ6m), while the smaller protein (20 kDa) contains the original N terminus and is a soluble protein (TJ6s).
Our results have also indicated that immunocompetent cells, i.e., lymphocytes, do synthesize and secrete proteins and that there is enhancement of existing proteins or synthesis of new proteins during pregnancy.
Further, the 35S-methionine incorporation studies with lymphocytes of pregnant women during the different trimesters of pregnancy indicated a pattern of increased proteins similar to that of placental proteins (33) in the maternal sera.
Matthiesen et al. (34) observed that during normal pregnancy from first trimester to early puerperium, a state of suppression or nonactivity of the maternal cellular immune system was seen as judged by deviations of a T-helper; T-cytotoxic/suppressor subpopulation as well as decreased proportions of activated T cells and natural killer cells and they suggested that this suppressed and inactivated maternal cellular immune response in pregnancy may be one of the mechanism that protects the fetus from rejection. Their data suggest that there may be some relationship between systemic and local immunologic findings during pregnancy.
For the first time (as indicated by our results) it has been observed that one of the proteins synthesized and secreted by lymphocytes during pregnancy is a molecule with EPF-like activity.
EPF is immunosuppressive in nature and its immunosuppressive activity is mediated through induction of at least two lymphokines (11, 12) . Recent studies indicate the importance of EPF also as a growth regulator of transformed, neoplastic, and normal cells, while its presence in platelets implies a role in inflammation and wound healing (35) .
A molecule possessing this exceptional combination of properties must have great biological significance. Hence it is imperative that EPF be characterized in biochemical terms. But despite a number of attempts in different laboratories using a variety of source material, the EPF structure has remained elusive.
In our attempts to characterize biochemically the EPF-like molecule from lymphocyte culture supernatants, it was observed that the G-100 IV fraction on RP-HPLC gave a single peak positive for EPF activity. This single peak, isolated on RP-HPLC and EPF active, represents the basic molecular form of human EPF isolated from lymphocyts of pregnant women.
This homogeneous peak observed on analytic RP-HPLC was, however, observed to be heterogeneous by SDS-PAGE electrophoresis, showing bands of approximately 70 and 68 kDa (Fig. 7) .
At this stage it is difficult to say whether PIBF, TJ6, and protein with EPF-like activity are the same or different, with similar functions of modulating immunosuppression during pregnancy.
Attempts are being made to identify the molecule with EPF-like activity that may ultimately provide a satisfying understanding of the molecular nature of the EPF-like molecule secreted and synthesized by lymphocytes of pregnant women.
